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ASSISTANT COMMISSIONER FOR PATENTS 
Washington, D.C. 20231 

Attention: EO/US 

1. This national phase application claims priority of the following national 
application(s): 

Finnish Patent Application No. 19992097 filed September 30, 1999. 

2. Applicant herewith submits, to the United States Elected Office (EO/US) the 
following items under 35 USC 371: 

A. [x] This express request to immediately begin national examination 

procedures (35 USC 371(f)). 

B. [x] The U.S. National Fee (35 USC 371(c)(1) and other fees (37 CFR 

1.492) indicated in the attached fee calculation sheet. 

3. [x] A copy of the International application as filed [35 USC 371(c)(2)]: 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the application was filed with the United States 
Receiving Office. 
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c. [x] has been transmitted 

i. [x] by the International Bureau. Date of mailing of the application 
(from form PCT/IB/308): 05 April 2001 (05.04.01) . 

ii. [ ] by applicant on (date) - 

4. [x] A translation of the International application into the English language [35 USC 

371(c)(2)]: 

a. [ ] is transmitted herewith. 

b. [x] is not required as the application was filed in English. 

c. [ ] was previously transmitted by applicant on (date) 

d. [ ] will follow (within 32 months of earliest priority date). 

5. [x] Amendments to the claims of the International application under PCT Article 19 [35 

USC 371(c)(3)]: 

a. [ ] are transmitted herewith. 

b. [ ] have been transmitted 

i. [ ] by the International Bureau. Date of mailing of the amendment 
(from form PCT/IB/308): . 

ii. [ ] by applicant on (date) . 

c. [x] have not been transmitted as 

i. [x] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): 15 
January 2001 (15.01.01) . 

ii. [ ] the time limit for the submission of amendments has not yet 
expired. The amendments or a statement that amendments have 
not been made will be transmitted before the expiration of the time 
limit under PCT Rule 46.1. 

6. [x] A translation of the amendments to the claims under PCT Article 19 [35 USC 

371(c)(3)]: 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language. 

c. [x] has not been transmitted for reasons indicated at point 5c above. 
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7. [x] A copy of the International Preliminary Examination Report (PCT/IPEA/409) 

a. [x] is transmitted herewith. 

b. [ ] is not required as the application was filed with the United States 
Receiving Office. 

8. [x] Annex(es) to the International Preliminary Examination Report 

a. • [x] is/are transmitted herewith. 

b. [ ] is/are not required as the application was filed with the United States 
Receiving Office. 

c. [ ] is/are not being transmitted as there is/are no Annex(es). 

9. [x] A translation of the annexes to the International Preliminary Examination Report 

a. . [ ] is transmitted herewith. 

b. [x] is not required as the annexes are in the English language. 

c. [ ] is not being transmitted for the reason indicated at point 8c above. 

10. [x] An oath or declaration of the inventor [35 USC 371(c)(4)] complying with 35 USC 

115 

a. [ ] was previously submitted by applicant on (date) . 

b. [ ] is submitted herewith and such oath or declaration 

i. [ ] is attached to the application 

ii. [ ] identifies the application and any amendments under PCT Article 
19 which were transmitted as stated in points 5a or b; and states 
that they were reviewed by the inventor as required by 37 CFR 1 .70. 

c. [x] will be provided in response to a Notice to File Missing Requirements. 

11. [x] An International Search Report (PCT/ISA/210) or Declaration under PCT Article 

17(2)(a): 

a. [ ] is transmitted herewith. 

b. [x] has been transmitted by the International Bureau. Date of mailing (from 
form PCT/IB/308): 05 April 2001 (05.04.01) . 

c. [ ] is not required as the application was searched by the United States 
International Searching Authority. 

d. [ ] will be transmitted promptly upon request. 
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e. [ ] has been submitted by applicant on (date) . 

12. [ ] An Information Disclosure Statement under 37 CFR 1.97 and 1.98: 

a. [ ] is transmitted herewith. 
Also transmitted herewith is 
[] Form PTO-1449 

[ ] Copies of citations listed 

b. [ ] will be transmitted within THREE MONTHS of the date of submission of 
requirements under 35 USC 371(c). 

c. [ ] was previously submitted by applicant on (date) . 

13. [ ] The applicant claims small entity status with respect to this application. 

[ ] A Verified Statement Claiming Small Entity Status is attached. 

[ ] The undersigned claims small entity status on behalf of the applicant. 

14. [ ] An assignment document is transmitted herewith for recording. A separate 

[ ] "RECORDATION COVER SHEET" is also attached. 



15. [x] Additional documents 

a. [ ] Copy of request (PCT/RO/1 01 ) 

b. [x] International Publication No. WO 01/23071 

i. [ ] Specification, claims and drawing 

ii. [x] Front page only 

c. [ ] Preliminary amendment 

d. [x] Abstract 

e. [ ] Other 

16. [x] The above checked items are being transmitted 

a. [x] before 30 months from any claimed priority date. 
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b. [ ] after 30 months but before 32 months (surcharge and/or processing fee 
included) from any claimed priority date. 

17. [ ] Certain requirements under 35 USC 371 were previously submitted by the 
applicant on , namely: 
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Portland, Oregon 97229 
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abstract Bec'd PCT/PTD ( 5 MAR 2002) 

This invention relates to a cascade-type scrubber, with 
which the wet scrubbing of the exhaust gas and removal of 
droplets from the gas can be performed in one and the same 
scrubber, producing a pure, dropless gas. It is thus 
essential that the cascade tubing typical of the cascade 
scrubber and the equipment for droplet removal are combined 
into a, single compact entity, which is formed of several 
nested chambers . 
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A COMPACT CASCADE SCRUBBER FOR SCRUBBING EXHAUST GAS 

This invention relates to a cascade-type scrubber, with which the wet 
scrubbing of the exhaust gas and removal of droplets from the gas can be 
5 performed in one and the same scrubber, producing a pure, dropless gas. It 
is thus essential that the cascade tubing, typical of the cascade scrubber 
and the equipment for droplet removal are combined into a single compact 
entity, which is formed of several nested chambers. 

10 Cleaning of gases can in principle be divided into two stages, the actual 
scrubbing and the subsequent droplet separation. One scrubber type used 
extremely often is the venturi scrubber and another is the cascade scrubber. 

In a cascade scrubber (e.g. Bauart BACHO), the gas to be scrubbed is 
15 sucked in reduced pressure into a series of cascade tubes. The gas is 
injected via the central cascade tube into the scrubbing liquid and sucked 
from there upward through an annular tube around the central tube. The 
gas, which has taken the liquid with it, is allowed to collide with a plate 
surrounding the central tube, which directs the gas downward again. Thus 
20 the "self-droplet formation" of the liquid is achieved, and as a result the final 
scrubbing of the gas occurs. Droplet separation takes place in a separate 
droplet separator. 

Different types of droplet separators are described in the literature e.g. H. 
25 Bauer, Y.B.G. Varma: "Air Pollution Control Equipment", Springer-Verlag 
1981. pp. 219 - 239. The main types of droplet separators are the zigzag 
channel, centrifugal or classic filter principles. 

According to this invention a compact cascade scrubber is formed 
30 essentially of a cylindrical apparatus, where the gas scrubbing equipment is 
located in the outer section and the droplet separation equipment in the 
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inner section. The gas scrubbing equipment is composed of several annular 
chambers as is the droplet separation equipment. The gas to be scrubbed 
comes into the outer circle of the upper section of the scrubber from one 
channel and the pure, dry gas is vented through one channel from the 
5 central section of the scrubber. The chamber located in the lower section of 
the outer circle of the scrubber contains several scrubbing units working on 
the cascade principle and around it and inside it are more annular chambers 
belonging to the scrubber. The essential features of the invention will 
become apparent in the attached claims. 

10 

The advantage of having several cascade scrubbing units is that changes in 
the volume of gas can be reacted to swiftly. In this case, when gas is 
distributed from a integrated gas space to several cascade tubes, it is 
extremely easy to shut off some of the tubes in order to optimize conditions 

15 in the cascade tubes when the volume of gas decreases. The corresponding 
capacity adjustment in the droplet separator can be made in the incoming 
tangential channels either by adjusting the surface area of the channels or 
by shutting off some of the channels completely. It is well known that 
separating capacity (centrifugal force) only improves when tangential intake 

20 velocity is increased. 

In the embodiment of the invention all the gas is conducted first to a common 
chamber, from where it is divided into several scrubbing units. Naturally 
successful distribution depends on the construction of the distribution 

25 chamber. One distribution method, well known from air-conditioning 
technology, is changing the cross-section of the flow in the flow direction. A 
typical method is to use a sloping bottom in the annular distribution chamber. 
It is also advantageous for the droplet separator if the scrubber has only one 
discharge channel, in other words, the sub-flows of gas from the cascade 

30 tubes are combined after scrubbing at least twice. The first time is 
immediately after the scrubbing in the cascade tubes in the annular chamber 
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situated below the gas distribution chamber. After combining the gas flows 
the gas is separated in the next annular chamber into sub-flows, which are 
then recombined to flow into the droplet separator. 

5 Symmetry and the use of essentially cylindrical walls are typical of a 
scrubber according to this invention. This is significant especially for 
reasons of strength, because a reduced pressure is used in most scrubbers, 
and the above-mentioned properties prevent the collapse of the scrubber 
when using reduced pressure. The actual scrubbing occurs best in a 

10 reduced pressure - i.e. the gas can reach a suitable velocity with a blower 
located after the scrubber. It is clear that scrubbing also functions under 
pressure, but it is not beneficial for the blower to feed hot and dirty gas 
through it. 

15 In the apparatus according to the present invention, the cascade scrubbing 
units are similar and placed symmetrically, thus aiming at optimal gas 
distribution. If some of the scrubbing units are shut, it is also beneficial to do 
this symmetrically. The scrubbed gas in the cascade tubes is conducted 
tangentially along several channels to the following inner, annular space, 

20 where the sub-flows of gas are combined. 

The invention is described further in the attached drawings, where 
Figure 1 presents cascade scrubbers of the prior art, 

Figure 2 presents the general principle of one embodiment of the invention 
25 in a partially cut drawing, 

Figure 3A is a vertical section and Figure 3B a cross-section of one scrubber 
according to the invention, 

Figure 4 is a vertical section of another embodiment of the invention where 
the bottom of the droplet separator swirl chamber has been raised, 
30 Figures 5A and 5B are further vertical and cross-sections of a scrubber that 
has been modified to reduce its diameter, 
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Figure 6 shows a scrubber, where the upper cover of the droplet separator 
has been lowered, 

Figures 7A and 7B are a vertical and cross-section of a scrubber according 
to the invention, where the bottom of the annular chamber has been shaped, 
5 Figure 8 shows a cross-section of a scrubber where the cascade tubes are 
located in several circles, and 

Figure 9 shows a cross-section where the cascade tubes have been shaped. 

Figure 1 presents an exhaust gas scrubbing apparatus of the prior art, 
10 comprising a scrubbing section 1 and a separate droplet separation unit 2. 
Several cascade tubes 3 are located inside the scrubber and the gas 
scrubbing water is discharged into a tank 4 in the lower section of the 
scrubber A single cascade tube consists of an inner tube 5, an outer tube 6 
around it and a collision plate 7 placed around the inner tube. The gas 
15 routed to the scrubber is conveyed into the inner tube 5 of the cascade tube 
and from there to the outer tube 6 around and under said tube where it can 
be injected into the water surface in the outer tube. The gas, partially 
scrubbed and carried away with droplets from the water, rises upwards 
inside the outer tube and comes into contact with a dish-like collision plate 7, 
20 which changes the direction of the gas downwards again. After colliding and 
bending, the direction of the gas once more turns outwards and the gas is 
vented through a connecting tube 8 from the scrubbing unit into the droplet 
separation unit, where the droplets attached gas during scrubbing are 
separated and the scrubbed gas is discharged from the unit. 

25 

The principle figure 2 of the scrubber according to the present invention 
shows that a scrubber 10 is essentially cylindrical in cross-section at the 
scrubber and droplet separator sections and conical at the bottom section. 
The gas to be scrubbed enters the scrubber via an inlet channel 9 and the 
30 scrubbed gas is vented via a droplet separator unit discharge tube 1 1 inside 
the scrubber. As the partially opened drawing shows, there are several 
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cascade tubes 12 in the circle of the lower section of the scrubber. The 
surface 14 of the scrubbing water in the water tank 13 in the lower section of 
the scrubber reaches as far as the cascade tubes. The lower section of the 
scrubber is preferably conical, whereby the solids to be scrubbed from the 
5 gas are more easily removed with the scrubbing water. The figure also 
shows that the structure of the scrubber is cylindrical and compact and 
therefore easy to maintain. 

The structure of the cascade scrubber according to the invention is shown in 
10 more detail in Figures 3A and 3B. The gas inlet channel 9 is connected to 
an annular gas distribution chamber 15 located around a droplet separation 
chamber 16 in the top of the scrubber 10. At its lower section the gas 
distribution chamber is connected to inner tubes 17 of the cascade tubes 12, 
into which the gas to be scrubbed is discharged from chamber 15. As 
15 mentioned in regard to the prior art, the cascade tubes consist in this case 
too of an inner tube, an outer tube 18 and a dish-like collision plate 19 
attached to the inner tube. When the inner tube is positioned at such a 
height that its lower edge comes below the liquid surface 14, scrubbing 
efficiency is maximized, but in this case pressure losses also increase. The 
20 outer tube surrounds the inner tube in the cascade tube and the upper part 
comes slightly above the surface of the liquid. 

As Figures 3A and 3B also show, the cascade tubes 12 are advantageously 
located in the outer shell of the scrubber below the gas distribution chamber 

25 15 and inside an outer chamber 20. After the cascade tube collision plate 
the gas flows upwards in the outer chamber around the cascade tube and at 
the same time the gas from each cascade tube comes together. In order to 
separate the droplets of water, which attached to the gas during scrubbing, 
from the gas it is beneficial to give the gas a whirling motion. For this 

30 purpose a chamber is formed in the scrubber, with a partition wall 21 such 
that at the bottom towards the outer chamber the partition is integral, but at 
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the top annular chamber 22 is divided with tangentially placed partition walls 
23 into segments 24. The number of segments is advantageously at the 
most half the number of cascade tubes. With the help of partitions 23 the 
gas, made a uniform flow in the outer chamber, is divided into sub-flows 
5 which are made to swirl with help of the partitions. 

Figures 3A and 3B also show that progressing towards the centre of the 
scrubber, there is a further annular chamber 25 inside chamber 22 divided 
into segments. Here in chamber 25 belonging to the droplet separation unit, 

10 the separate gas flows coming from the segments 24 of the previous 
chamber are united again into a uniform tangential flow. Centrifugal force is 
obtained with the tangential flow, throwing the droplets of liquid contained in 
the gas against the walls of the chamber, where they flow to the scrubbing 
liquid in the bottom of the scrubber. The droplet separation capacity of the 

15 scrubber is improved when the apparatus comprises several chambers, 
where the gas is in a whirling motion and in which each subsequent chamber 
has a smaller cross-sectional area than the previous one. 

In addition to gas flow-dividing chamber 22 and recombining chamber 25 the 
20 droplet separation unit comprises the droplet separation chamber 16 and the 
discharge tube 11 as well as a swirl cone 26. The swirl cone 26, which 
narrows towards the top, is located below the droplet separation chamber 
just above the surface of the liquid. Its task is to stabilize the gas vortex 
generated to the centre of the chamber and to prevent the vortex to suck up 
25 liquid from the liquid surface into the gas flow entering the droplet separation 
chamber. The whirling flow of the gas continues in the droplet separation 
chamber 16 and as a result, a pure, dropless gas is obtained, which is 
vented via the discharge tube 11. The magnitude of the centrifugal force 
depends on e.g. the tangential velocity of the gas, which can be adjusted 
30 according to the capacity using an adjustment element in inlet channel 9 (not 
shown in detail in the figure). 
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The essential difference between the scrubber shown in Figure 3 and the 
one shown in Figure 4 is that the size of the scrubber can be reduced by 
raising a lower edge 27 of the droplet separation chamber 16, so that the 
5 gas can still flow in the gas flow-combining chamber 25, which has a smaller 
cross-sectional area than the previous scrubber. 

tn the embodiments presented in Figures 5A and 5B t in order to decrease 
the size of the scrubber, the cross-sectional area of the annular outer 

10 chamber 20 is reduced in the top of the chamber, because from there the 
gas can be made to flow to the next inner chamber. Thus the cross-sectional 
area of the outer chamber can be reduced. The cross-sectional area of the 
next inner chamber 22 in the direction of the flow has been reduced in the 
bottom of the chamber, because the separate gas flows flow mainly in the 

15 top of the chamber. A change in the cross-sectional area of the chambers is 
made by altering the construction of the partition 21 between the chambers. 

The scrubber construction in Figure 6 is the same type as the one shown in 
Figures 5A and 5B, but the lower edge 27 of the droplet separation chamber 
20 16 has been further lowered so that the cover section of the scrubber is 
integral, apart from the discharge tube 11. 

Figure 7 shows a scrubber construction where the bottom 28 of the gas 
distribution chamber 15 has been inclined, so that the cross-sectional area 

25 of the distribution chamber reduces as the distance from the inlet channel 
increases. In this way the velocity of the discharging gas remains the same, 
although some of the gas is vented into the cascade tubes. The figure also 
shows that the liquid tank in the lower section of the scrubber can be divided 
into two parts so that the water used in gas scrubbing can be recovered 

30 separately and the droplet separation unit water recovered via a discharge 
channel 29. 
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Figures 8 and 9 are cross-sections of embodiments of the present invention, 
where the cascade tubes are located in the outer chamber in several shells. 
In the apparatus shown in Figure 9 the outer tube 18 and collision plate 19 
5 of the cascade tube are not circular in cross-section in order to save space. 
They have a segment missing, from the outer part of the tube and plate in 
the outer shell and from the inner part in the inner shell. 

It is clear that within the sphere of the invention, the alternatives presented 
10 above may be modified as required. If for example the scrubber should be as 
small as possible in cross-section, but space is available in a vertical 
direction, the droplet separation unit can be arranged vertically without 
essentially changing the compact structure of the scrubber. 

15 The benefits of the scrubber according to the invention over the prior art 
include an extremely simple construction, which is thus very easy to maintain 
as all scrubbing and droplet separation occurs essentially inside a cylindrical 
structure. Thanks to its cylindrical surfaces the scrubber construction is 
strong. This is important, because at times the scrubber is subject to a fair 

20 degree of reduced pressure, bringing ordinary scrubber close to collapse. 
The scrubber according to the present invention is not sensitive to changes 
in capacity, because it is easy to shut off the desired quantity of scrubbing 
units, the cascade tubes, and the droplet separator can be adjusted 
according to the capacity by adjusting the cross-section of the inlet channel. 
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PATENT CLAIMS 

1. A cascade scrubber (10) for scrubbing exhaust gas, whereby the 
5 scrubber contains several cascade tubes (12) for scrubbing gas, an inlet 
channel (9) for conveying the gas to the scrubber, a discharge tube (11) 
for venting the gas from the scrubber and a liquid tank for scrubbing the 
gas, characterized in that a gas scrubbing unit and a droplet separation 
unit are combined in the scrubber (10) into a compact apparatus, made 
10 up of several nested chambers (20, 22, 24, 16), and that the cascade 
tubes (12) are placed in an annular outer chamber (20) surrounding said 
tubes, where the separate gas flows coming from each cascade tube are 
recombined. 

is 2. A cascade scrubber according to patent claim 1, characterized in that a 
integrated gas distribution chamber (15) is placed in the upper section of 
the scrubber, and is connected to cascade tubes (12) in order to distribute 
the gas from the chamber to the cascade tubes. 

20 3. A cascade scrubber according to patent claim 2, characterized in that 
the gas distribution chamber (15) surrounds the gas discharge tube (11). 

4. A cascade scrubber according to patent claim 2, characterized in that a 
bottom (28) of the gas distribution chamber (15) is inclined so that the 

25 cross-sectional area of the chamber reduces as the distance from the 
inlet channel (9) increases. 

5. A cascade scrubber according to patent claim 5, characterized in that 
the cross-sectional area of the upper section of the outer chamber (20) is 

30 smaller than that of the lower section. 
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6. A cascade scrubber according to patent claim 5, characterized in that 
the outer chamber (20) is connected to another annular chamber (22) with 
the aid of at least partially tangentially positioned partitions (23). 

5 7. A cascade scrubber according to patent claim 7, characterized in that 
the partitions (23) divide said annular chamber (22) into segments (24), 
the number of which is advantageously at most half the number of the 
cascade tubes (12). 

10 8. A cascade scrubber according to patent claim 7, characterized in that 
the annular chamber (22) containing the partitions (23) is positioned 
inside the outer chamber (20). 

9. A cascade scrubber according to patent claim 7, characterized in that 
is the cross-sectional area of the upper section of the annular chamber (22) 

is greater than that of the lower section of the chamber. 

10. A cascade scrubber according to patent claim 7, characterized in that at 
least two more nested chambers (25,16) forming the droplet separation 

20 unit of the scrubber are positioned inside the chamber (22) containing 

tangential partitions (23). 

11. A cascade scrubber according to patent claim 1, characterized in that 
the innermost chamber (16) of the droplet separation unit is equipped at 

25 the liquid surface (14) with a swirl cone (26) narrowing towards the top. 

12. A cascade scrubber according to patent claim 1, characterized in that 
the innermost chamber (16) of the droplet separation unit is connected to 
the discharge tube (11) of pure, dry gas. 

30 

13. A cascade scrubber according to patent claim 1, characterized in that 
the equipment functions in a reduced pressure. 
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14. A cascade scrubber according to patent claim 1, characterized in that 
the scrubber is essentially cylindrical at the gas scrubbing unit and droplet 
separation unit and conical at the lower section. 

5 
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